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ABSTRACT. 
be a f a c t o r  i n  producing mul t ip le  formations and teratisms 
i n  f r o g s .  
from e i t h e r  f a c t o r .  
o f  observa t ions  of t h e  l i v i n g  o b j e c t ,  t h e  au thor  
i n v e s t i g a t e s  t h e  causa l  genesis  of  t h e s e  phenomena. 
fo l lowing  two causes  are s p e c i f i c a l l y  named: loosening 
of i n t e r c e l l u l a r  bonds and vary ing  degree of damage of 
d i f f e r e n t  p a r t s  of t h e  egg r e s u l t i n g  from over r ipeness .  

Both h e a t  and overr ipeness  of  eggs are seen t o  

Radical malformations were observed t o  r e s u l t  
Limiting himself  t o  a d e s c r i p t i o n  of  

The 

I repor ted  i n  t h e  Festschrzft f o r  F r i e d r i c h  Zschokke (1920) on some mul t i -  /33* 
armed f rogs  t h a t  I had obtained a c c i d e n t a l l y  dur ing  experimental  work [I]. 
They appeared i n  a c u l t u r e  of overr ipe eggs t h a t  had been kept  a t  maximum 
temperature .  
p r i m a r i l y  t o  one o r  t h e  o t h e r  of the  two experimental  f a c t o r s .  On t h e  o t h e r  
hand t h e r e  was no so -ca l l ed  germinal v a r i a t i o n  involved; i . e . ,  no cha rac t e r -  
i s t i c  i n h e r i t e d  from ances to r s ,  because among t h e  numerous s i b l i n g s  t h a t  were 
r a i s e d  a t  normal temperature  no corresponding mul t ip l e  formations occurred.  

I t  remained undetermined, whether t h e  r e s u l t  should be a sc r ibed  

I n  o rde r  t o  s e t t l e  t h e  s t i l l  open a l t e r n a t i v e ,  I experimented aga in  i n  
t h e  s p r i n g  of 1921 with over r ipe  f r o g  eggs,  bu t  e l imina ted  t h e  hea t  f a c t o r .  
I l e t  some of t h e  eggs and embryos develop a t  optimum temperature ,  i . e .  b e t -  
ween 16-21' C.  (Cul ture  H ). Normally, however, under n a t u r a l  condi t ions  
t h e  temperature  i s  below 12' .  For t h a t  reason I a l s o  kept  a p a r a l l e l  co ld  
ser ies  (Culture  HI1). 

much h i g h e r  i n  t h e  h e a t  than  i n  t h e  cold.  

20 

Mul t ip le  formations r e s u l t e d  from both c u l t u r e s ,  bu t  t h e  percentage was 

* Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fo re ign  t e x t .  
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Corresponding t o  t h e  h igh  degree of over r ipeness  chosen, t h e  malform- 
a t i o n s  t h i s  time were of a mul t i fa r ious  n a t u r e .  
aga in ,  so  t h a t  t h e  over r ipeness  i s  d e f i n i t e l y  e s t a b l i s h e d  as cause of  t h e  
polymelia.  
o f  t h e  c u l t u r e s  (G20) .* 

l y  hatched.  The 
doubling begins  without  except ion a t  t h e  f r o n t  end. In  one case ,  which i s  
shown i n  Fig.  1 of t h e  p l a t e**  
d o r s a l  s i d e .  In  o t h e r  more numerous cases, only t h e  f r o n t ' p a r t  o f  t h e  head 
is doubled. I t  
i s  then  forced  t o  one s i d e  by t h e  s t ronger  one (Fig.  2 ) .  I n  these  cases  t h e  
d i f f e r e n c e  i n  s i z e  appears  t o  have e x i s t e d  a l r eady  i n  t h e  first rudimentary 
form. In  t h e  f u r t h e r  development it can e a s i l y  be  observed t h a t  t h e  smaller 
p a r t  r e l a t i v e l y  f a l l s  behind, i s  pushed a s i d e  and f i n a l l y  i s  grown over  by 
t h e  l a r g e r  one. Such forms c o n s t i t u t e  t h e  t r a n s i t i o n  from t h e  double forma- 
t i o n s  t o  t h e  p a r a s i t i c  malformation. 

Multi-armed f rogs  occurred 

I n  a d d i t i o n  animals with supernumerary h indlegs  occurred i n  one 

Radical malformations could be observed i n  l a rvae  ready t o  ha t ch  and new- 
The s imples t  ones are t h e  symmetrical double formations.  

i t  reached c l o s e  t o  t h e  top  of  t h e  t a i l  on t h e  

Frequent ly  one of t h e  twin p a r t s  is smaller than  t h e  o t h e r .  

The d i f f e r e n c e  i n  s i z e  between t h e  p a r t s  of t h e  double formation i s  as a 
The p a r a s i t e  then  o f t e n  l i es  a s  F i g s . 3  r u l e  cons iderable  from t h e  beginning. 

and 4 show. 
and d e f l e c t e d  from i t  a t  a r i g h t  o r  ob tuse  angle .  
a l l y  a long t h e  t a i l  of  t h e  c a r r i e r .  Such p a r a s i t e s  a r e  much reduced. Mouth 
and suckers  a r e  r a r e l y  p r e s e n t ,  b u t  g i l l  rudiments are more f r equen t .  I n  
such a monster r a i s e d  f u r t h e r ,  ac t ive  r e s p i r a t o r y  movements could be observed 
i n  t h e  p a r a s i t e  about t e n  days l a t e r .  

The f r o n t  p a r t  i s  grown t o g e t h e r  wi th  t h e  body of t h e  carrier 
Back and t a i l  extend la te r -  

I t  happens occas iona l ly  t h a t  severa l  p a r a s i t e s  a r e  a t tached  t o  t h e  same 
ca r r i e r ,  bu t  a r e  more reduced, t h e  f a r t h e r  back they  are a t t ached .  

F i n a l l y ,  t h e r e  are cases where t h e  p a r a s i t e  i s  a complete amorphus, 
c o n s i s t i n g  only of shapeless  t i s s u e  p r o l i f e r a t i o n s  (Fig.  5 and 7) 

With regard  t o  t h e  ques t ion  o f t h e  causa l  genes is  of t hese  malformations,  
I have a l r eady  i n  t h e  above menticned Festschri f t  demonstrated t h a t  it cannot 
p o s s i b l y  be a matter o f  super-regenerat ion process ,  and only because no 
"regenerat ion" t akes  p l a c e .  The involvement of  wounds, f r a c t u r e s ,  c o n s t r i c t -  
i ons  o r  similar f a c t o r s  can be excluded wi th  c e r t a i n t y .  

I n  o rde r  t o  c l a r i f y  the  problem f u r t h e r ,  I have t h i s  year  f o r  t h e  t h i r d  
time i n i t i a t e d  over r ipeness  experiments and have d i r e c t e d  my a t t e n t i o n  p r i -  
mar i ly  toward t h e  first development processes  of  t h e  egg. The ove r r ipe  egg 
i s  t o  be regarded as one of  t h e  processes  of  dying. That a l s o  fol lows from 
t h e  experiment wi th  fema.le Y .  When she was s e l e c t e d  f o r  t h e  experiment she 

/35 - 

*This s p r i n g  (1922) I again obtained from ove r r ipe  eggs a l a rge  number of  
f r o g s  with supernumerary arms and l e g s .  

**The i l l u s t r a t i o n s  were drawn by Miss Fr ieda  BUhning. 
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was i n  the act of  copula t ing .  
one u t e r u s  and were inseminated a r t i f i c i a l ly .  
developed; thus  t h e  m o r t a l i t y  of eggs  and embryos amounted t o  only  7%. Four 
days l a t e r  more than  450 eggs were removed i n  t h e  same way. 
33% d ied .  O f  t h e  rest 103 o r  23% c r ipp le s  had t o  be f i x e d ,  and only  208 
hatched l a rvae  which were mostly a f f l i c t e d  wi th  malformations could be r a i s e d  
f u r t h e r .  
6 days a f te r  t h e  f i rs t  opera t ion ,  it was found t h a t  a l l  eggs s t i l l  remaining 
i n  t h e  u t e r i  were dead. 

About 300 eggs  were removed s u r g i c a l l y  from 
From t h e s e  about 280 l a r v a e  

O f  t hese  147 o r  

162 animals reached metamorphosis. A s  t h e  female f i n a l l y  was k i l l e d  

The u t e r i n e  egg i s  t h e r e f o r e  no r e s t i n g  c e l l  as much as one might g e t  
t h i s  i np res s ion  wi th  regard  t o  i t s  nucleus,  which remains f o r  days a t  t h e  
s t a g e  of t h e  second c e n t r a l  sp ind le  metaphase. 
chemical na tu re  t ake  p l ace  t h e r e i n ,  which, i n  t h e  subsequent phases ,  manifest  
themselves as p re - r ipeness ,  r ipeness ,  over r ipeness  and degenerat ion.  

Ce r t a in  processes  of a 

The ques t ion  a r i s e s  concerning t h e  na tu re  of t h e s e  processes  and t h e i r  
l o c a l i z a t i o n  i n  t h e  nucleus o r  i n  t h e  plasma. Microscopical ly  changes can 
be de t ec t ed  i n  both loca t ions .  For t h e  ma jo r i ty  of  t h e  malformations only 
t h e  p lasmat ic  changes appear t o  come under c o m i d e r a t i o n  as causes .  A s  s u i t -  
ab l e  i n v e s t i g a t i o n s  a r e  no t  ava i l ab le ,  i t  may be advisable  f o r  t h e  p re sen t  t o  
r e f r a i n  from a l l  con jec tu re  about the chemical n a t c r e  cf t h e  r ipen ixg  F r w e s s .  
(This i s  much easier here)  because,  af ter  a l l ,  it a c t s  on ly  i n d i r e c t l y  as a 
t e r a t o g e n i c  f a c t o r .  
malformations however by t h e  s tudy  o f  segmentation, g a s t r u l a t i o n  and neuru la  
formation i n  t h e  ove r r ipe  egg. 

We l e a r n  about t h e  d i rec t  causes  f o r  t h e  above descr ibed  

In t h e  fol lowing I l i m i t  myself aga in  t o  t h e  d e s c r i p t i o n  of  t he  circum- 
I n v e s t i -  s t a n c e s  t h a t  can be perceived by observat ion of  t h e  l i v i n g  o b j e c t .  

g a t i o n s  according t o  series of  s ec t ions  w i l l  be  r epor t ed  i n  a d e t a i l e d  paper .  

The eggs of t h e  normally r i p e  s e r i e s  Y developed i n  t y p i c a l  manner. The 
f i rs t  two segmental p lanes  i n t e r s e c t  each o t h e r  a t  r i g h t  angles  and s tand  
v e r t i c a l l y ,  t h e  t h i r d  l i e s  ho r i zon ta l ly .  The l a t t e r  sepa ra t e  fou r  animal 
cel ls  of t h e  upper po le  of  t h e  egg from four  vege ta t ive  ce l l s  of  t h e  lower 
p o l e .  
des igna ted  micromers. They are never the less  s o  l a r g e  t h a t  by p o l a r  observa- 
t i o n  t h e  macromers are n e a r l y  hidden by them (Cf. ad jacent  F ig .  A ,  s t a g e  a ) .  
A f t e r  t h e  fou r th  segmentation t h e  e ight  animal c e l l s  h ide  t h e  e i g h t  vege ta-  
t i v e  ones s t i l l  more completely ( F i g .  A, s t a g e  b) 

The former are sonewhat smaller  than  t h e  l a t t e r  and can t h e r e f o r e  be 
- /36 
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The eggs o f  t h e  ove r r ipe  series 
show s t r o n g  dev ia t ions  i n  com- 
pa r i son  wi th  t h i s  t y p i c a l  seg- 
mentat ion process .  If  we be- 
g in  wi th  t h e  most i n s i g n i f i c a n t  
modi f ica t ion ,  w e  see t h a t  t h e  
f irst  two d i v i s i o n s  proceed 
q u i t e  normally.  The t h i r d  
h o r i z o n t a l  c leavage,  however, 
c u t s  through very h igh .  Con- 
sequent ly ,  t h e  micrcmers of  
t h e  ove r r ipe  eggs are much 
smaller than  normal (Fig.A,d,e) 
With eggs t h a t  are pronouncedly 
a l t e r e d ,  t h e  sequence of t h e  
cleavage p lanes  is changed. 
The f i rs t  cleavage i s  s t i l l  
v e r t i c a l ,  but t h e  second i s  
horizonta.1, so  t h a t  only two 
rnicrornerc are cu t  cff (Fig A,c).  
Fur ther  develcpment t u r n s  out  
q u i t e  complicatedly.  The ma- 
cromers f irst  cu t  o f f  a sec- 
ond p a i r  of macromers be fo re  

Fig A. Segmentation Stages.  a ,  b normal 
c i g h t  and s i x t e e n  s t a g e s  (YI); d ,  e cor -  
responding ove r r ipe  q tages  (Y") ; c ,  f o u r  
ce l l  s t a g e  of very w e r r i p e  eggs (Y"). 

t h e  f i r s t  s p l i t s  o f f .  
i s  o f t e n  f irst  l imi t ed  t o  t h e  animal p o r t i o n  of  t h e  egg, while  t h e  meridional  
c leavages proceed very  s lowly toward t h e  vege ta t ive  po le .  F ina l ly ,  t h e r e  
a r e  cases  which i n t e r e s t  u s  less here ,  however, i n  which t h e  cleavage pro- 
ceeds q u i t e  pa tho log ica l ly  as so-ca l led  baroque cleavage,  as descr ibed  by 
Oskar Hertwig [ 2 ] .  Perhaps polysperimia occas iona l ly  a l s o  p l ays  a p a r t .  That 
may be  t h e  case when n u l t i p o l e d  n i to t ic  sp ind le s  occur  and consequently t h e  
f i rs t  segmentation produces f o u r  o r  more blastomers .  

In  t h e  case o f  extremely ove r r ipe  eggs t h e  cleavage 
/37 - 

These c h a r a c t e r i s t i c  changes of t h e  segmentation process  can, i n  s h o r t ,  
be regarded  as a progress ive  increase  i n  t h e  i n e r t i a  of t h e  plasma un t . i l  i t  
f i n a l l y  becomes incapable  of  segmentation. 

I n  t h e  morulat ion and g a s t r u l a t i o n  s t ages  e s p e c i a l l y ,  a l l  kinds of iri 
r e g u l a r i t i e s  due t o  over r ipeness  damage can be observed. 
always be determined t h a t  t h e  development of t h e  vege ta t ive  p a r t  i s  h igh ly  
r e t a r d e d .  But o f t e n  whole s e c t o r s  a re  a l s o  found t h a t  can extend t o  the  
upper p o l e ,  (o r  a l s o ,  i r r e g u l a r l y  del imited p a r t s  of t h e  animal side remain.  
w i thou t  cleavage f o r  a long t ime) .  ( F i g .  B) When they  then  f i n a l l y  do d i v i d e ,  
c e l l  heaps arise which form only loose t i s s u e  plugs between t h e  apparent ly  
normal morular epidermis .  
a c t i v e l y  r e j e c t e d  by t h e  ad jacent  sound t i s s u e .  
o f  t h e  embryo t h a t  are capable  o f  development can be d iv ided  i n t o  more o r  less 
s e p a r a t e d  a reas .  

I t  can almost 

La ter  they begin t o  f l a k e  o f f  and are probably 
Even a t  t h i s  s t a g e  t h e  p a r t s  
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I Usual ly  t h e  morular cel ls  a r e  more 
rounded than  normal, which i n d i c a t e s  
t h a t  t hey  are only  loose ly  connected 
t o  each o t h e r .  

The processes  of t h e  g a s t r u l a -  
1 t i c n  and t h e  medullary tube  formation 

are shorn t o  be o f  t h e  g r e a t e s t  t e r -  
a togenic  importance.  In  t h e  gas t ru -  9 

are noted wi th  regard t o  t h e  formation 
Fig. Morula with sector Remain ing  l a t i o n ,  conspicuous i r r e g u l a r i t i e s  

Fig.  c Double Blastomer Formation of t h e  b l a s topore  l i p  (Fig C) Ins tead  

Fig.  C F ig .  B 

without Cleavage (Y") 

(Y") of a s l i g h t l y  curved f o l d ,  long grooves 
appear which o f t e n  are curved s e v e r a l  
times. This  can probably be designa-  

t e d  as a rudimentary mul t ip l e  blastopore and obviously we have p resen t  he re  
t h e  e a r l i e s t  s t a g e  of the  double malformation. 
such embryos proceeds q u i t e  slowly and many embryos d i e .  

The f u r t h e r  development of  

As 0. Her t ig  has  descr ibed  ( loc .  c i t . )  s p i n a  b i f i d a  can r e s u l t  from i n -  
complete g a s t r u l a t i o n .  Often t h e  drawing toge the r  of  t h e  medulloblasts  a l s o  
i s  prevented by onflowing degenerated material. Actual double formations as 
descr ibed  above d id  no t  appear any more a t  t h i s  s t a g e .  

The observa t ions  a t  t h e  l a tes t  development s t a g e  of t h e  ove r r ipe  eggs 
consequent ly  permit  t h e  r ecogn i t ion  i n  the  fol lowing two man i fe s t a t ions  o f  
t h e  cause of t h e  3-ppearance o f  mul t ip le  formations: 

1. The i n t e r c e l l u l a r  bonds a re  loosened and a tendency t h e r e f o r e  e x i s t s  

2 .  The s e p a r a t i s t  t endencies  are f u r t h e r  promoted by t h e  f a c t  t h a t  not  
f o r  independent develcpment o f  a cell  o r  p a r t  o f  t h e  embryo. 

a l l  p a r t s  o f  t h e  egg are damaged t c  t h e  same degree by t h e  over r ipecess .  
sequent ly  t h e  enlbryo i s  o f t e n  broken up i n t o  seve ra l  v i a b l e  p a r t s  by cords 
o f  degenera t ing  t i s s u e .  

Con- 

The immediate cause of t h e  malformations due t o  over r ipeness  t h e r e f o r e  
always c o n s i s t s  i n  a disturbafice o r  complete d i s s o l u t i o r  of  t h e  bonds and 
mutual con t ro l  of t h e  p a r t s  of  t h e  embryo. The i s o l a t e d  p a r t s  s i m i l a r l y  t o  
t h e  b las tomers  o r  t o  embryo p a r t s  separa ted  through t y i n g  o f f  by Speman, 
Torn ie r  and o t h e r s .  The g r e a t e r  a coherent p a r t  i s ,  t h e  s t r o n g e r  t h e  tend-  
ency w i l l  gene ra l ly  show i t s e l f  t o  be f o r  formation of  a complete embryo. 
Smal le r  p i eces  l a t e r  come under t h e  in f luence  of  t h e  p r i n c i p a l  p a r t ,  however. 
The i r  growth w i l l  be  i n h i b i t e d  by the l a t t e r  and i n  many cases  complete 
r e s o r p t i o n  fo l lows .  

Let me  mention only b r i e f l y  i n  conclusion t h e  cases which might be  of  
In  fact  it sometimes happens t h a t  g r e a t e r  i n t e r e s t  f o r  genera l  pathology. 

e i t h e r  t h e  e n t i r e  embryo c o n s i s t s  only of  a shapeless  b u t  s t r o n g l y  quiver ing  
heap of cel ls ,  or t h a t  such areas are s c a t t e r e d  i n  an otherwise pronouncedly 
p a t h o l o g i c a l l y  a l t e r e d  body ( P l a t e  V F ig .  6 ) .  In  t h e  l a t t e r  case  the  pro-  
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l i f e r a t i o n s  spread even f a r t h e r  o u t .  A q u i t e  i r r e g u l a r  growth s tar ts ,  t h i c k  / 39 
swel l ings  sp rou t  from it ,  and between them l i e  gaping f i s s u r e s .  F i r s t  t h e  
growth o f  t h e  embryos and l a rvae  a r e  s e v e r l y  r e t a rded .  
mains small and misshappen; no g i l l s  sp rou t  f o r t h ,  t h e  t a i l  remains s h o r t ,  
and t h e  body i s  much d is tended .  
r o t a t e  r a p i d l y  i n  t h e i r  coa t s  of j e l l y .  
spreads  even f a r t h e r ,  such l a rvae  a re  soon destroyed.  

- 
The head mostly re- 

Because of t h e  s t r o n g  quiver ing ,  t h e  embryos 
As t h e  degenerat ion of  t h e  t i s s u e s  

I t  appears t o  me t h a t  t h e  overr ipeness  experiments he re  b r i e f l y  desc r ib -  
ed c o n t r i b u t e  p a r t l y  t o  t h e  s o l u t i o n  o f  c e r t a i n  very  t imely  problems of  human 
pathology. The causa l  genes is  of mul t ip le  formations and teratisms i n  humans 
is  s t i l l  today shrouded i n  complete darkness .  I t  i s  c e r t a i n  t h a t  only a very  
l i m i t e d  number i s  of  a pure ly  h e r e d i t a r y  n a t u r e ,  and only a few no t  very  char- 
a c t e r i s t i c  cases  can be a t t r i b u t e d  t o  entanglement with and attachment t o  t h e  
amnion. 
t o  produce double formations a t  w i l l  do no t  come i n t o  cons ide ra t ion  as d i r e c t  
causes ,  because t h e  human embryo i s  completely p ro tec t ed  as i t  were, dur ing  
t h e  c r i t i c a l  s t a g e s  of  development, from mechanical and thermal  d i s tu rbances ;  
and, i n  add i t ion ,  t h e  t o n i c  and chemical f l u c t u a t i o n s  of  t h e  environment are 
probably n e g l i g i b l e .  The overr ipeness  experiments,  whose causa l  connections 
o f  course  are much more complicated than  f o r  example those  of  t h e  t i e - o f f  
experiments of  Speman, de r ive  t h e i r  p a r t i c u l a r  i q m t a n c e  frm t h e  circum- 
s t a n c e  t h a t  here  a f a c t o r  i s  a c t i v e  which a l s o  can come i n t o  cons ide ra t ion  as 
a cause of  human malformation. 

Yet t h e  experimental  f a c t o r s  which h i t h e r t o  permi t ted  t h e  b i o l o g i s t  

From our  experiments i n t e r e s t i n g  p o i n t s  of  comparison wi th  those  on 

When it was s t a r t e d  again by renewed oxygen supply,  
f i s h e s ,  by Ch. Stockard,  emerge. By reduct ion  of  t h e  oxygen, segmentation 
was brought  t o  a s t o p .  
accessory  b l a s topore  in t rove r s ions  were formed and double formations a rose  
as h e r e  descr ibed .  Stockard d id  not h e s i t a t e  t o  u t i l i z e  t h e s e  r e s u l t s  t o  
e x p l a i n  t h e  known normal polyembryony o f  t h e  a rmadi l lo  [3] .  
i s  always requi red  inanalogy conclusions from t h e  yolk- r ich  eggs of f i s h e s  
and amphibians t o  those  of  mammals. 
t h e i r  continuous series of  a n t e r i o r  symmetrical d u p l i c a t e s  up t o  t h e  amorphus - /40 
and t o , u l c e r a t i o n  neve r the l e s s  show so  fa r - reaching  a s i m i l a r i t y  t o  human 
malformations t h a t  t h e  conclusion of similar cause simply sugges ts  i t s e l f .  
i s  hoped t h a t  it w i l l  be poss ib l e  by experiments on mammals t o  ob ta in  d e f i n i -  
t i v e  c l a r i f i c a t i o n .  

Ce r t a in ly  cau t ion  

The over r ipeness  malformations with 

I t  ’ 
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Explanations to Plate V 

Fig. 1. 

Fig. 2. 

Fig. 3,4 

Fig. 5. 

Fig. 6 .  

Fig. 7 .  

Symmetrical Double Formation, Dorsal View (No. 1, Hz0). 

Asymmetrical Double Formation; The displaced right side head is 
imperfectly developed, with rudimentary gills and an odd spinning 
gland. 

Lateral and Ventral View of a Larva with a Parasite (No. 3 ,  Hz0). 

Larva with Several Parasites of Different Forms (No. 19, H ) .  

Ventral View of a Larva with Reduced Head and Abscesslike Tissue 
Degeneration Mainly in the Chest Region (No. 20, Hz0). 

Amorphous Proliferation on the Tail of an Otherwise Normal Larva 
(No. 64, Hzo) . 

Ventral View (No. 16, HZ0). 

20 

REFERENCES 
-.. i. wiischi, E., "On Merogenetic Development of Equipotential Fragments," 

2. Hertwig, O., ItBlastopore and Spina Bifida," Arch. f. mikr. Anatomie, 

3 .  Stockard, Ch., "A Probable Explanation of Polyembryony in the Armadillo," 

Festschr. 60th Birthday Friedr. Zschokke, Basel, 1920. 

Vol. 39, 1892. 

American Naturalist, Vol. 55, 1921. 

Translated for the National Aeronautics and Space Administration under Contract 
No. NASw-1695 by Techtran Corporation, P.O. Box 729, Glen Burnie, Md. 21061 

8 


